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INTRODUCTION 


This  booklet  is  intended  to  help  the  user  prepare  an  input  data  deck  for  the  BLAST  computer 
program.  It  can  either  be  used  with  the  BLAST  Users  Manual1  or  separately  . forms  included  in  this 
booklet  illustrate  proper  BLAST  input  and  minimize  the  effort  required  to  create  a complete  input 
deck  ready  for  keypunching.  It  is  important  to  note,  however,  that  not  all  forms  are  required  in  any 
single  run;  the  booklet  indicates  which  are  required  tor  particular  situations 

Since  BLAST  has  a “free-format"  input  language  designed  for  describing  buildings  and  their 
energy  systems,  the  input  forms  in  this  booklet  are  not  mandatory.  Users  can  also  describe  their 
building  on  ordinary  keypunch  code  sheets;  in  this  case,  coding  may  be  done  without  regard  to 
the  location  of  items  on  the  data  cards.  Punctuation  and  syntax  are  important,  however,  and  the 
examples  in  this  booklet  follow  the  rules  detailed  in  the  Users  Manual 

BLAST  Overview 

The  BLAST  program  uses  the  description  of  the  user's  building  and  its  energy  systems  to  per- 
form simulations  and  thus  predict  the  building's  energy  requirements  Ideally,  this  analysis  will  take 
place  early  in  the  design  cycle  and  several  variations  will  be  explored  by  successive  runs  of  the  pro- 
gram to  determine  optimum  design  BLAST  can  also  evaluate  proposed  retrofits  to  existing  buildings. 

During  BLAST  simulations,  building  heating,  cooling,  base  electrical  loads,  and  domestic  hot 
water  loads  are  determined  hourly  for  either  selected  design  days  or  specified  long-term  weather 
sequences.  These  loads  are  met  by  delivery  and  energy  conversion  equipment  specified  by  the  user. 
Final  results  are  reported  in  terms  of  monthly  and  annual  energy  requirements,  and  in  terms  of 
economic  factors  (including  life-cycle  costs).  Useful  intermediate  results  include  peak  values  which 
will  aid  in  selection  of  equipment. 

Input  Booklet  Overview 

This  booklet  contains  a step-by-step  description  of  how  to  perform  a successful  BLAST 
building  analysis.  It  also  describes  data  gathering  and  Drawing  Take-Off  m a way  which  should  be 
adequate  for  persons  already  somewhat  familiar  with  building  documents  and  building  MVAC  sys- 
tems (Chapters  2 and  3). 

Chapter  4 contains  a sample  of  each  of  the  BLAST  input  forms;  each  entry  on  the  forms  is 
explained.  The  user  is  encouraged  to  reproduce  and  use  the  blank  forms  provided  in  Chapter  4 to 
describe  an  actual  building.  If  the  user  prefers,  pads  of  input  forms  (which  are  slightly  larger  than 
those  reproduced  here)  can  be  used.  These  pads  arc  available  from  computer  service  bureaus  sup- 
porting BLAST. 

A simple  but  complete  example  BLAST  run  is  contained  in  Chapter  5.  This  example  docs  not. 
however,  demonstrate  all  the  capabilities  of  the  BLAST  program;  the  flexibility  of  the  BL  AST 
program  cannot  be  fully  appreciated  without  a careful  study  of  the  Users  Manual 


1 Kittle,  t)  C.,  Building  Loads  Analysis  System  Thermodynamics  (BLAST)  Users  Manual.  Version  2.0.  Vol- 
umes 1 and  11.  Technical  Report  K-153  (U.S.  Army  Construction  L'ngineering  Researcli  Laboratory  |CERL|.  June 
1979). 


Other  BLAST  Documentation 

The  principal  reference  document  tor  BLAST  users  is  the  BLAST  Users  Manual.  Version  2.0. 2 
available  front  the  National  Technical  Information  Service  and  from  several  computer  service  com- 
panies The  Users  Manual  provides  detailed  descriptions  of  BLAST  input  instructions  and  gives  a 
general  description  of  the  BLAST  language  (which  will  be  found  to  allow  much  more  flexibility 
than  is  suggested  in  this  Input  Booklet). 

Units  and  Default  Values 

At  the  user's  option.  BLAST  accepts  input  and  provides  output  in  either  1 nglish  ora  slightly 
modified  set  of  SI  units.  If  the  user  selects  input  as  1 nglish.  all  inputs  are  expected  in  this  set. 
alternately,  if  METRIC  is  selected,  nil  inputs  are1  expected  in  SI.  In  this  booklet.  English  units  are 
shown  and  METRIC  units  arc  given  in  parentheses  for  each  input  item, 

Many  BLAST  input  items  have  default  values  (listed  in  the  Appendix)  which  are  used  it  the 
user  does  not  provide  the  information.  The  user  should  consider  these  values  carefully  before  ac- 
cepting them,  since  their  validity  is  often  dependent  upon  the  particular  building  being  simulated. 


'Iliulc.  D,  C,,  liuiltling  loails  Analysis  System  Tltcnnoilynamies  (lit. AST)  Users  Manual,  Version  2.0,  Vol- 
umes I and  II.  Technical  Report  l.-ISa  (U.S  Army  Construction  Engineering  Research  Laboratory  (Cl  Rl  |.  June 
l')79> 


2 DATA  GATHERING  PHASE 


Accurate  energy  analysis  ol  a building  requires  a significant  amount  of  supporting  information 
BLAST  analysis  will  proceed  more  elliciently  it  these  data  arc  gathered  early  and  in  an  organized 
manner 

Weather  Data 

Occasionally,  weather  tapes  required  for  a typical  year  analysis  are  not  available  from  the 
users  computer  service  company,  and  must  be  ordered  from  the  National  Climatic  Center  (see 
Users  Manual.  Volume  I.  Appendix  A).  To  avoid  significant  ordering  delays,  the  user  should  cheek 
weather  data  availability  early  in  the  data  gathering  process 

Building  Data 

BL  \SI  analysis  requires  a complete  set  of  building  construction  documents'. 

1 . Architectural  plans 

2.  Sections  and  section  details  for  walls  ceilings,  etc 

3.  Mechanical  plans  for  the  air  systems 

4.  Mechanical  plans  for  the  central  plant 

The  specification  document,  it  available,  will  often  provide  details  not  on  the  plans.  It  greater 
accuracy  in  equipment  simulation  is  desired,  manufacturer's  literature  on  the  central  plant  equip- 
ment. cooling  coils,  and  tans  can  be  obtained  from  the  mechanical  engineer  on  the  design  team  or 
the  manufacturer's  representative 

Operational  Information 

Information  on  how  the  building  is  operated  and  used  (c.g..  equipment  operation  schedules, 
occupancy  vs  time,  lighting  schedules)  is  required  and  is  usually  available  from  the  architectural 
team  (new  building)  or  from  the  owner,  occupant,  or  operating  personnel  (existing  building)  In 
many  existing  commercial  and  institutional  buildings,  internal  loads  such  as  lighting,  electrical,  or 
fuel-operated  equipment  will  dominate  the  air-conditioning  load  and  therefore  the  energy  consump- 
tion. This  information  must  he  specified  carefully  during  BLAST  input:  a room-by-room  survey 
should  be  made,  since  energy  loads  often  change  as  building  usage  changes  (e.g..  lamps  may  have 
been  removed  from  the  lighting  fixtures).  I'or  a building  under  design,  the  electrical  and  mechanical 
plans  and  specifications  will  prov  ide  operational  data. 

Economic  Data 

II  accurate  economic  analysis  is  required,  new  or  replacement  costs  for  all  the  building's  me- 
chanical equipment  should  be  obtained  from  manufacturer's  representatives.  Economic  data  such  as 
interest  rates  and  project  life  are  usually  established  by  policy  and  can  be  obtained  from  the  finan- 
cial olticer  of  the  owning  organization.  Costs  of  fuel  and  other  energy  sources  are  available  from  the 
prospective  supplier  or  utility  company  (new  building),  or  from  past  utility  bills  (existing  building) 
Inflation  and  cost  escalation  data  are  extremely  difficult  to  obtain  with  accuracy;  since  these  data 
can  sometimes  strongly  affect  economic  comparisons,  they  should  be  approved  by  the  financial 
officer  of  the  owning  organization  before  they  are  input  to  BLAST 
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BLAST  Library 

1 lie  exact  in  format  ion  required  for  BLAST  analyses  are  illustrated  in  the  examples  m this 
booklet  If  some  information  is  simply  not  available  (e.g..  early  concept  studies),  typical  character- 
istics such  as  wall  sections  and  schedules  may  be  referenced  by  name  from  the  BLAST  library.  A 
copy  of  this  computer-stored  library  is  included  in  Volume  II  of  the  Users  Manual.  It  can  also  be 
generated  by  the  PRINT  LIBRARY  command,  as  described  in  the  Users  Manual.  Volume  I. 


I 

I 

I 
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3 DRAWING  TAKE  OFF 


After  t lie  data  required  for  BLAST  analysis  are  eolleeted.  they  must  be  condensed  and  reor- 
ganized before  they  are  transferred  to  BLAST  input  forms.  1 his  condensation  organization  step  is 
called  Drawing  Take-off. 

Zone  Definition 

\ major  step  in  the  Drawing  Take-off  process  is  to  define  simulation  zone  boundaries;  i.e..  to 
subdivide  the  building  into  three-dimensional  regions  called  ZONES  in  the  BLAST  language  Ideally, 
these  simulation  zones  would  correspond  to  the  regions  in  the  actual  building  controlled  by  indi- 
vidual thermostats,  plus  attics  and  or  crawl  spaces  < if  present  I.  In  most  real  buildings,  however,  such 
division  would  result  in  an  unnecessarily  large  number  of  simulation  zones,  causing  excessive  input 
preparation  labor  and  computer  expense,  with  little  improvement  in  accuracy  In  practice,  the 
actual  thermostatic  zones  are  usually  aggregated  into  larger  zones  The  fundamental  rule  is  that  all 
space  within  a simulation  zone  should  have  uniform  air-conditioning  needs  (i.e.,  heating  or  cooling, 
but  not  both)  at  all.  or  almost  all.  times  This  insures  that  the  simulation  will  not  allow  heating 
demand  to  offset  cooling  demand  in  an  unrealistic  way.  As  a matter  of  good  design,  actual  thermo- 
static zones  in  the  building  should  experience  more  or  less  uniform  external  loads.  However,  larger 
regions  with  uniform  external  loads  are  often  served  by  several  thermostats  and  capacity  modula- 
tion devices  (e.g.,  mixing  boxes)  to  allow  for  nonuniform  occupancy  and  other  internal  loads. 
However,  since  the  exact  schedules  of  these  occupancies  and  internal  loads  are  seldom  known, 
several  thermostatic  areas  in  such  a region  can  be  "lumped  together"  for  simulation  purposes. 

Simulation  zone  boundaries  must  also  be  defined  in  a way  that  guarantees  that  the  physical 
region  inclosed  hv  the  zone  is  served  by  a single  air  handler.  In  this  way.  the  user  insures  that  the 
Bt  AST-simulated  air  systems  correspond  exactly  to  the  actual  systems,  thus  allowing  direct  use  of 
n une-plate  data  from  these  devices  (This  is  of  greater  importance  in  a variable  air  volume  type 
system,  where  it  is  essential  that  the  diversity  in  the  air  demand,  and  lienee  the  fan  part-load  per- 
formance. is  properly  simulated.) 

Zones  which  are  identical  or  nearly  identical  need  only  be  input  once:  their  effect  is  accounted 
for  by  using  a ZONE  MULTIPLIER  when  describing  the  fan  system  serving  identical  or  nearlv 
identical  zones. 

Schedules 

After  zone  boundaries  are  determined,  internal  loads  and  associated  schedules  must  be  speci- 
fied. \lthough  there  are  standard  schedules  (24-hour  normalized  profiles)  for  lighting,  occupancy, 
equipment,  and  infiltration  available  in  the  BLAST  library,  specific  profiles  for  the  building  under 
study  should  be  used  to  assure  maximum  accuracy.  Usually,  the  user  defines  "aggregate"  schedules 
which  apply  to  all  spaces  of  similar  type  in  the  building;  each  should  be  given  a name  for  later 
reference.  An  example  profile  is  shown  in  Figure  1 , a similar  profile  should  be  derived  and  plotted 
for  each  internal  load  component  and  tor  infiltration.  A blank  profile  form  is  provided  in  the 
\ppendix  T he  infiltration  profile  provides  a means  of  eliminating  infiltration  when  the  building  is 
pressurized,  infiltration  should  be  set  to  0.0  during  periods  of  fan  operation  and  1,0  when  the  fan 
is  not  operating  The  infiltration  profile  can  also  be  used  when  infiltration  varies  with  time  of  day 
to  usage  patterns  (i.e  , building  entry  ways  or  lobbies) 

Control  Profile 

Mach  type  of  space  in  a building  also  requires  a control  profile  which  defines  how  the  thermo- 
stat and  heating  cooling  modulation  device  operate  to  maintain  space  conditions.  The  user  can  relv 
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Figure  1 . Sample  profile. 
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on  BLASi  libra r\  control  profiles,  or  define  new  profiles  spoci ficalK  jpplic;ible  to  each  space  type 
in  the  building  being  simnhited  A sketch  shouhl  he  drawn  of  each  control  profile  and  it  should  be 
given  a short,  appropriate  name.  A sample  is  shown  in  Figure  2. 
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Figure  2.  Sample  space  temperature  control  profile. 


Section  Properties 

A table  should  be  constructed  showing  the  thickness,  density,  and  thermal  properties  of  each 
construction  element  layer  (i  e..  walls,  roofs,  floors,  etc.)  used  throughout  the  building  Convenient, 
short  names  shouhl  he  selected  lor  each  construction  element  not  in  the  library  Hie  BLAS  I library 
should  he  cheeked  to  see  if  construction  elements  are  already  in  the  library  If  construction  elements 
arc  listed,  the  user  should  record  their  names  in  the  table 

Geometric  Data  and  Internal  Loads 

Complete  geometric  and  construction  details  are  required  to  describe  simulation  /ones  on  the 
BLASI  input  forms,  hirst,  data  front  the  drawings  are  entered  onto  Geometric  Zone  Forms  (.users 
can  reproduce  Figure  e as  required)  All  regularly -shaped  /ones  are  easily  described  using  the  A B. 
and  II  measurements  taken  from  the  drawings.  The  coordinates  of  the  lower-left  corner  relative  to 
an  arbitrarily  selected  building  origin  should  also  be  included.  Positions  and  si/es  ol  windows  and 
doors  can  be  sketched  on  these  forms,  and  the  names  previously  assigned  to  construction  elements 
can  be  written  directly  on  each  surface.  Lite  internal  load  data  should  also  he  entered  Once  a Geo- 
metric Zone  Form  is  completed  tor  each  simulation  /one.  Bl  AST  /one  description  computer  input 
forms  can  he  filled  out  without  further  reference  to  the  drawings. 

Air  System  and  Plant  Data 

At  a minimum,  the  description  of  the  building  energy  distribution  system  (e.g..  fan  system) 
must  include  the  type  ol  fan  system,  must  list  the  supply  air  for  each  /one.  and  must  identify  the 
/ones  served  by  each  sy  stem.  Laeli  air  system  can  be  described  by  its  schematic,  showing  air  quanti- 
ties. set-point  temperatures,  and  /ones  served.  Fateh  system  description  can  be  done  on  a single 
sheet.  II  the  user  intends  to  model  speeilie  equipment  such  as  cooling  coils  or  fans,  he/she  must 
override  BLAS  I defaults  and  input  data  from  the  manufacturer's  literature  (see  the  Users  Manual. 
Volume  I,  Chapter  5 and  Appendix  F). 

Fite  final  step  before  filling  out  BLASI  input  forms  is  to  condense  the  central  plant  equipment 
data  Usually  this  means  collecting  name-plate  capacity  data  from  the  mechanical  plans  However,  if 
more  exact  modeling  is  desired,  the  actual  design-point  and  off-design  performance  data  should  be 
obtained  from  the  manufacturer's  literature  and  transformed  into  the  Bl  AS1  parameters  (see  the 
Users  Manual.  Volume  I.  Appendix  G) 
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Figure  3.  BLAST  Geometric  Zone  Form. 
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4 USING  BLAST  INPUT  FORMS 


After  the  user  has  selected  the  input  forms  applicable  to  the  building  being  stimulated,  he  she 
can  quickly  prepare  BLAST  input  for  key  punching.  This  chapter  contains  a blank  copy  of  each 
input  form,  accompanied  by  detailed  instructions  for  completing  each  form.  Depending  on  the 
complexity  of  the  building,  some  forms  will  be  used  repeatedly  to  describe  a building  with  several 
/ones,  others  may  not  be  used  at  all.  Table  1 lists  how  many  of  each  type  of  form  are  required  to 
describe  a simple  building 

The  title  of  each  form  will  indicate  if  it  is  required  lor  the  user's  particular  simulation.  Kach 
form  is  numbered  and  forms  should  be  input  in  the  sequence  indicated  by  these  numbers. 

Kach  form  has  a number  of  different  card  types  because  BLAST  allows  the  user  to  omit  certain 
items  of  input  for  which  default  \ allies  are  acceptable.  Some  cards  may  not  be  required  fora  par- 
ticular situation.  Also,  in  some  cases,  a card  may  not  be  required  because  of  the  options  selected  by 
the  user.  To  clarify  which  cards  are  required,  each  card  type  is  assigned  a unique  number  which  is 
used  to  reference  a brief  description  of  its  data  items  These  descriptions  are  printed  on  pages  facing 
the  sample  forms. 

The  input  forms  have  a column  which  indicates  whether  or  not  a particular  card  is  required. 
A "V"  printed  in  this  column  indicates  the  card  is  normally  require  it  when  providing  the  indicated 
information  However,  a V in  this  column  does  not  mean  that  the  card  is  always  required  since  the 
entire  group  of  statements  will  often  be  omitted.  Cards  without  a Y are  always  optional 

The  user  should  use  the  column  marked  "PUNCH*'  to  indicate  to  the  key  puncher  which  cards 
are  to  be  punched.  Note  that  all  data  fields  on  the  input  forms  must  be  filled  in  on  every  card  which 
is  actually  used  in  the  input  deck:  while  blank  spaces  are  allowed,  empty  fields  are  not  allowed. 
Where  there  is  more  than  one  item  per  card,  the  user  may  be  required  to  supply  a value  even  though 
the  default  is  acceptable:  in  such  cases,  the  user  should  simply  write  in  the  default  value. 

Kach  card  has  a space  for  an  optional  sequence  number.  This  sequence  number  will  allow  a 
card  deck  to  be  automatically  sorted  if  dropped.  If  used,  these  numbers  should  increment  by  10  to 
allow  subsequent  insertion  of  new  cards  (if  required) 


Tabic  I 

Number  of  Forms  of  Kach  Type  Used  to  Describe  a Simple  Building 


Form 

Number 

Form 

Number 

Form 

Number 

1 

1 

I0A 

1 per /one 

:o 

0 

1 

1 1 

1 per  fan  System 

:i 

0 

■s 

J* 

1 

i: 

1 per  Ian  System 

N 

0 

4 

id 

1 per  fan  System 

:.t 

0 

5 

14 

0 

24 

0 

6 

1 

15 

1 per  fan  System 

25 

1 

7 

1 

10 

1 

2o 

1 

8 

0 

17 

1 

27 

1 

') 

1 per /one 

18 

0 

28 

0 

j 

1 per /one 

P)  j 

0 

BLAST  Input  Form  1 RUN  CONTROL  and  Location  and  Design  Day  Location  Definitions 
Definitions 

Comment  Cards  DU  I'seil  t"  define  locations  not  already  in  the  BLAST  library . DF 

Comment  Curds,  shown  as  card  type  "C”  can  be  used  anywhere  in  the  in-  FINE  adds  new  location  definitions  to  existing  library  REPLACE 

put  deck  it  desired.  They  do  not  affect  simulation  if  used,  two  asterisks  must  changes  definitions  of  location  names  already  in  the  library  . 


i 


mai  nr 


QNtANtZATTON  WOJICT  NAlff  OATt  AWAIT  ST  fflOJECT  NO 


Definition  of  material  to  be  used  in  windows 
and  inferior  sNdmg 


MiaifiiM  mirav  uvi  xmmirvM 


ouuomi  mini  live  urv>  uirow  uuminii 


Definition  of  infernal  toad  ichedults 


Input  Form  6 Controls  Definitions  CL4  Begins  control  schedules 

CL1  Bogins  dominion  sequence  lor  /one  temperature  eontiols.  as  shown  CL5  Indicates  which  profiles  are  to  be  applied  on  SATURDAY  and  when 
in  Figure  5,  DEFINE  adds  new  controls  to  existing  library  RE-  1 he  times  (in  integer  hours)  at  which  each  profile  begins  to  be  used 

PLACE  changes  definitions  of  controls  already  present  TEMPO-  anj  ccascs  to  be  used  must  be  entered  The  profile  names  must  be 


mwtCT 


Input  Form  7 Project  and  Building  Description  PD5.1  (.round  temp  ratun  mas  be  provided  with  tins  card  I st in  ate 

values  in  1 t . >r  C ) usitii:  data  in  \ppcndiv  I >t  l sets  Manual 

Project  Description 

PD5  2 f untimtation  ol  PD5  1 


lisuire  (i  ( (invention  lor  NORTH  AXIS. 


(WTMcTiic.iHftcoI 
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ZD9  2 l se  this  card  to  override  default  values  of  gas  equipment  PER  ZD10  2 l se  this  card  to  override  default  coefficients  in  the  infiltration  vs 
CENT  RADIANT,  PERCENT  LATENT,  and  PERCENT  LOST  windspeed  and  temperature  equation  I Advanced  Topics.  Chapter 
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Input  Form  10A  Surface  Description  With  Subsurfaces  SD5  Indicate  the  width  and  height  in  ft  ( or  in)  of  the  subfeature  and  the 

location  of  its  lower-left  corner  relative  to  that  of  the  surface  itself 
SD1  Indicate  the  surface  type  from  among  those  in  Table  3.  Group  [See  Chapter  4 for  convention  on  WINGS  and  OVERHANGS.) 

surfaces  so  that  all  surfaces  of  this  type  are  together.  Additional  WINDOWS  may  be  given  a set-back  by  placing  REVEAL  (usnl)  in 


muirom  mini  11*Q  mimroiu  lounnnii 


KEYPUNCH  IRttfRUCTIOai  I.  POUCH  ALL  U«fS  WHICH  HAVE  X IK  Lift  MOST  COIUMH  t CHARACTER  SET  ICOUVFUTIOHS  W “ 1,U  « 

(ift/tBCDiC.ttt/lttf  (alpha)  (special)  fauMERicf  HAST  INPUT  fORM  11 

Ftn  jyiifm  dticnplion 


Input  Form  12  OTHER  SYSTEMS  PARAMETERS  0P8  I sc  to  specify  either  GAS.  ELECTRIC,  or  STEAM  energy  supply  De- 

General  note:  Table  5 (page  75)  indicates  which  OTHER  SYSTEM  PA-  fault  is  HOT  WATER  Also,  indicate  capacity  in  klitu  In  (<n  kW  I of 

RAMETERS  affect  particular  ULAST  fan  system  types  Ignore  those  not  the  coil  Default  is  5.4 1 2.000  kUtu  In  ( I 000  0(X)  kW ) 

affecting  the  system  being  described.  Also,  check  defaults  in  the  appendix 

(Table  Allot  this  Input  Hooklel(page  107)  to  avoid  unnecessary  cards.  0P9  I his  caid  can  be  used  to  override  the  HOT  DECK  CONTROL  default 


( i.e. . either  outside  or  /one  temperature  in  I |or  ( | land  the  corre- 
sponding desired  set  point  in  the  first  two  fields.  Similarly,  insert  the  0P15  Provide  weekday  24-hour  profile  of  numbers  between  0 and  1 0.  Scpa 
high  control  input  and  set  point  in  the  third  and  fourth  field s . The  set  rate  each  with  a comma.  Alternately,  a sequence  of  the  form  8 TO 

point  is  varied  linearly  in  between,  and  limited  til  the  high  and  low  set  17  0.9  can  be  used  to  set  a group  of  hours  to  the  same  value  Note  that 

points  indicated  [see  Advanced  Topics.  Chapter  ^| . in  the  above  sequence. 0 9 is  assigned  to  the  interval  between  S am  and 


Input  Form  12'  OTHER  SYSTEMS  PARAMETERS  (cont'dl  0P22  l se  this  card  to  speedy  the  GAS  BURNER  EFFICIENCY  to  he  ap- 

plied to  all  gas  energy  supplied  heaters  (i.e..  gas  duet  heaters,  gas 
5 pm.  II  FIXED  PERCENT  (default)  mixed-air  control  is  used,  pro-  luiinidifer.  furnace,  etc)  m this  system.  Used  to  determine  input 

tiles  are  the  muwmon  fractions  of  total  system  supply  air  which  are  energy  in  the  gas  category  (.as  consumption  is  summarized  in  Air 
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Indicate  HOT  WAI  LH,  OAb.  tLtu  i mo,  or  bi  tMivi  prencai  energy 

supply  and  the  coil  capacity  in  kBtu  hr  (or  kW).  RC9  List  card  in  Hi.  \ST  input  deck.  Omit  if  input  of  any  kind  follows. 
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CC10  Enter  the  ENTERING  WATER  TEMPERATURE  in  T (or  FS12  l-.nds  the  description  of  the  entire  building  fan  systems  begun 

C)  for  the  operating  point  used  in  CC3  Not  used  for  DX  by  FS1  Omit  if  more  fan  systems  data  or  FS2  cards  follow 

type  coils 

RC9  Last  card  in  BLAST  input  deck  Omit  if  input  of  any  kind 

CC11  I nter  the  LEAVING  WATER  TEMPERATURE  °F  lor  rC|  follows. 
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Input  Form  16  Central  Plant  Card  Types  CP10  I inis  selection  of  central  plant  equipment 


Input  Form  18  Equipment  Parameters  EP8  PELCL  is  the  ratio  ot  electrical  power  tor  chilled  am!  water  pumps 

Cieneral  mite  Cards  ot  the  EP  type  allow  the  User  to  change  certain  char-  to  installed  ehtllei  capacity  | Appendix  C.|  TCW  ts  the  leaving;  om- 

act  eristics  ot  the  central  plant  equipment.  Not  all  card  types  have  meaning:  tor  denser  water  temperature  lot  double-bundle  chillers  and  heat  pumps 

a particular  ty  pe  of  equipment  as  shown  in  I able  b pace  77.  I or  this  tea-  when  supplying:  heat 


I nter  the  fraction  of  the  available  double-bundle  chiller  condenser  Omit  if  other  data  for  this  central  plant  follow, 

heat  which  ts  recoverable.  Omit  if  no  double-bundle  chillers  ate 

specified  on  a CP9  type  card.  TCOOL  is  the  leaving:  chilled  water  CP15  Ends  the  description  of  all  central  plants  begum  by  CPI  card  Omit  if 
temperature  more  central  plant  data  or  CP2  cards  follow 


»»ti  »«»irrr  nojtait. 


Input  Form  19  Special  Parameters  for  Boilers,  Absorption  Chillers,  and  EP18  TMtNC  is  llie  minimum  solar  storage  tank  temperature  in  °f:  (or  () 
Cooling  Towers  below  which  absorption  cooling  cannot  be  accomplished  with  solar 

energy.  Omit  unless  solar  collectors  are  spectlied  on  CP9  card 


BLAST  Input  Form  20  Special  Parameters  for  Enqine  Generators  EP25  Same  as  EP24 , except  lor  diesel  engines 


BLAST  Input  Form  22  Equipment  Performance  Parameters  for  Boilers,  PP7  Same  as  PP3  hut  for  reciprocating  vapor-compression  chillers 

Chillers,  Heat  Pumps,  and  Cooling  Towers 

General  note:  Equipment  performance  parameters  which  vary  with  op.  PP8  Same  as  PP4,  but  for  reciprocating  vapor-compression  chillers 

crating  conditions  and  load  are  determined  in  151  AST  from  curve-fit  equa- 


ARAtYYT  PHOJtCT  HO 


(irruiCH  laiRucTtOB  I ruaCM  <u  uaiimncH  M«vi  < II  iifTMort  COIUM*  i cnA«»cti«nt„=rr  „ . l co«vimio«J  W " t.M  81  AST  INPUT  FORM  23 

(IHTucoicurtcol  (AirHAl  umciaiI  (iuwmcT 

Central  plant  oft  dettfn  performance  Curvet  Bo'ler 
abiorption  chiller*  and  their  coolinf  tower* 
tolar  collector* 


BLAST  Input  Form  24  Equipment  Performance  Parameters  for  Engine  PP32  I lie  RELD  coefficients  tepiescut  the  vaiiatton  of  diesel  electrical 
Generators  power  output  pet  unit  fuel  consumed  with  pan-load  tatio.  RJACD 

coefficients  represent  jacket  recoverable  heat  ss  pattdoad  tatto.  Set 
PP1  Begins  specification  of  central  plant  equipment  oil-design  performance  RJACD  to  zero  it  no  jacket  heal  is  to  he  recovered  [Appendix  (i  | . 

curves 


"to*: 
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BLAST  Input  Form  26:  Equipment  Cost  Data  EC5  Enter  the  cost  ($  hrj  of  consumable  materials  other  than  fuel  or 

energy. 
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PACIFIC 

STANDARD 

TIME 


EASTERN 

CENTRAL 

MOUNTAIN 


PACIFIC 


I igure  4 l ime  /.one  ami  clearness  number  dala 


time  zone  numbers  in  u.s.  for  standard  time 


ATLANTIC 


74 


Table  5 

Other  Sxstem  Parameter  Applicability 
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Other  System  Parameters  Applicability 
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SUPPLY  FAN  PRESSURE  & EFFICIENCY 
RETURN  FAN  PRESSURE  & EFFICIENCY 
EXHAUST  FAN  PRESSURE  & EFFICIENCY 
COLD  DECK  CONTROLTEMPERATURE 
COLD  DECK  THROTTLING  RANGE 
COLD  DECK  CONTROL  SCHEDULE 
HEATING  COI  L ENERGY/CAPACITY 
HOT  DECK  CONTROL  TEMPERATURE 
HOT  DECK  THROTTLING  RANGE 
HOT  DECK  CONTROL  SCHEDULE 
MIXED  AIR  CONTROL 
DESIRED  MIXED  AIR  TEMPERATURE 
OUTSIDE  AIR  VOLUME 

WEEKDAY  MINIMUM  OUTSIDE  AIR  SCHEDULE 

WEEKDAY  MAXIMUM  OUTSIDE  AIR  SCHEDULE 

WEEKEND  MINIMUM  OUTSIDE  AIR  SCHEDULE 

WEEKEND  MAXIMUM  OUTSIDE  AIR  SCHEDULE 

PREHEAT  COIL  LOCATION 

PREHEAT  AT  TEMPERATURE 

PREHEAT  ENERGY/CAPACITY 

GAS  BURNER  EFFICIENCY 

VAV  MINIMUM  AIR  FRACTION 

VAV  VOLUME  CONTROL 

FAN  POWER  COEFFICIENTS 

HUMIDIFIER  TYPE 

HUMI DISTAT  LOCATION 

HUMIDISTAT  SET  POINT 


• ••••• 


• • 

• • 

• • 


NOTES 

1.  HOT  DECK  TEMPERATURE  SETS  UPPER  LIMIT  ON  REHEAT  OR  HEATING  COIL  TEMP 
2 DUAL  DUCT  IS  THE  SAME  AS  MULTIZONE  IN  BLAST;  MULTIZONE  IS  THE  RECONIZED  NAME 
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hi  Me  6 

\|)|)lic;ihilil\  dl'C  doling  (.oil  Design  l’:ir:imelers 


Cooling  Coil  Design  Parameters  Applicability 


• INDICA1  ES  PARAMETER 
AFFECTS  SYSTEM 

COIL  TYPE  • • 

AIR  VOLUME  FLOW  RATE  • • • 

BAROMETRIC  PRESSURE  • • • 

AIR  FACE  VELOCITY  • • 

ENTERING  AIR  DRY  BULB  TEMPERATURE 
ENTERING  AIR  WET  BULB  TEMPERATURE  ' • •'  • 

LEAVING  AIR  DRY  BULB  TEMPERATURE 

LEAVING  AIR  WET  BULB  TEMPERATURE  '• 

ENTERING  WATER  TEMPERATURE  • 

LEAVING  WATER  TEMPERATURE  •'  • 

WATER  VOLUME  FLOW  RATE  V • 

WATER  VELOCITY  • 

ENTERING  REFRIGERANT  TEMPERATURE 
LEAVING  REFRIGERANT  TEMPERATURE  • 

TOTAL  COOLING  LOAD  • 

NUMBER  OF  TUBE  CIRCUITS  • 

PERFORMANCE  COEFFICIENTS  • 

) v ( ) 1 1 7 • 

, I FOR  PACKAGE  DX  UNITS  r"  * — • 

DXCOIL3  | • 


PACKAGED  DX  COILS 
DIRECT  EXPANSION  COILS 
WATER  COILS  IN  FAN  COIL  UNITS 
ALL  OTHER  CILLED  WATER  COILS 


I able  S 

Special  Parameters  Applicability 


Spectj/  (wjnn'tws  employed  tor  t\n:h  emnpment  type 


Special 

Parameter 

Name 

AZMUTH 

FLOWRT 

HFUELB 

htxeff 

MXTNKT 
PELCL 
PE  LNT 
PELT  WR 
PSTEAM 
PSTMTUR 
RAVRHDB 
RAVRHHP 

re  lash 

RHFLASH 


Special  Parameter  Description 

Collector  Array  Azimuth  Anglo 

Mass  Flow  Collectoi  Ahm 

Mc.it  Content  of  F tie  I 

Tank  Collector  Mt  l xcqi  Effectiveness 

Maximum  Solar  Tank  Temp 

Elect  Inp  to  Cue  Pump  Cooling  Load 

Elect  Inp  to  Cue  Pump  Heating  Load 

Elect  Inp  to  Tower  Tower  Cool  Load 

Steam  Pi essure 

E nter  mt)  Steam  Pi  ess 

Avadhl  Recvrhl  Mt  Ratio 

Avadhl  Recvihl  Mt  Ratio 

Boder  Flash  Water  Steam  Feed 

Rerovd  Heat  Flash  Steam  E net  tv 


RWXKWD  Max  E v M Flow  KW  Output 


RMXKWG  Max  Exh  Flow  KW  Output 
RPMNOM  Nom  Speed  RPM 

RWCA  Towei  Wafer  Ahsni  Chili  Capac 

RVVCC  Tower  Water  Compt  Ch»lr  Capac 

RWCDB  Tower  Water  Dhund  Chilr  Capar 

RWCHP  Tower  Water  Mt  Pump  Capac 

RWSTUR  Condensate  Enter *nq  Steam 

SRATB  Air  F ti»»l  Stoich  Rat  o 

STEAM  Steam  Enthalpy 

TfsJKTEM  Initial  Tank  Temperatuie 

TCOOL  Chilled  Water  Temp 

TCW  Leaving  Condenser  Water  Temp 

TILT  Solar  Collector  Tilt  Anqle 

T LEAVE  Boiler  Stack  Leaving  Temp 

TMlNC  Mm  Tank  Temp  for  Cooling 

TMINH  Mm  Tank  Temp  for  Heating 

TMINHP  Mm  Tank  Temp  for  Mt  Pump 

TMKCAP  Stoiaqe  Tank  Cap  Col  Area 

TOTUEF  Tot  Effic  of  Util  Elec  Generation 
TOWOPR  Tower  Operation  Type 

TSATUR  Steam  Saturatron  Temp 

TSTMTUR  Enterrnq  Steam  Temp 

TTOWR  Minimum  Leaving  Tower  Water  Temp 

TWMAKE  Make  Up  Water  Temp 
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5 EXAMPLE  OF  USING  INPUT  FORMS 


The  building  in  the  example  described  m this  chapter  is  a small  laboratory  at  1 x ndall  \ir  Force 
base  (Al  b)  It  must  be  recognized,  however,  that  no  single  example  will  include  all  possible  varia- 
tions in  BLAS'l  input,  some  of  the  input  forms  described  in  Chapter  4 were  not  used. 

1 he  laboratorx  at  Tyndall  Al  B is  a single-story  structure  ol  concrete  block,  slab-ou-grade 
construction  Cross  Iloor  space  is  4SS2  sq  It  ilMS  m;  I \ simplified  floor  plan  ol  the  building  and 
its  elevations  are  shown  in  figure  7 Actual  construction  details  were  extracted  from  the  as-built 
drawings 

The  HI.  AS  T model  of  this  building  lias  four  simulation  /ones,  served  by  a single.  MULTIZONE 
fan  system.  The  envelope  has  a single  exterior  wall  type.  with  an  N-in.  (0.<>4  ml.  heave-weight 
concrete  block  layer  selected  from  the  HI  \S1  libraiy  It  is  coated  inside  and  outside  with  a user- 
defined  stucco  material  lax  er.  A roof-ceiling  combination  with  an  air  space  is  described  using  library 
materials  The  slab  Iloor  is  defined  In  a o in.  (.15  m)  concrete  layer  plus  IT  in  (.50  ml  of  dirt 
Both  material  layers  are  relerenced  Iroin  the  standard  HI  AS  1 library.  These  descriptions  max  be 
seen  on  Forms  1 and  4 


BUILDING  ORIGIN  FLOOR  PLAN 


SOUTH  ELEVATION  EAST  ELEVATION 


1 igure  7 floor  plan,  elevations,  /one  boundaries  and  selected  zone  origins  for  laboratory  building 
Tyndall  \1  B 

7.X 


In  fill  ration  and  office  equipment  schedules  are  user  defined  (see  I onn  5).  Other  schedules  are 
taken  from  the  standard  IH  \S  1 library 

In  the  description  of  the  building  tl'orm  7).  the  BLAST  DIMENSION  statement  is  used  to 
define  wall  and  window  height  and  the  building  directions  (north,  east,  south,  and  west)  with 
convenient  variable  names  The  NORTH  AXIS  command  is  used  to  establish  the  building  north  as 
s(i  degrees  east  of  north. 

I he  building  is  divided  into  four  simulation  /ones  which  correspond  exactly  to  the  physical 
zoning  I igure  7 shows  the  /.one  boundaries  and  the  selected  /one  origins  In  this  example,  the  /one 
axes  have  been  aligned  with  the  building  axes  I he  rectangular  dimensions  of  the  /one  were  assigned 
to  the  variable  names  \ and  R using  the  DIMENSION  statement  within  the  /one  description  block 
(see  Form  l)).  This  allow  s the  walls,  floors,  and  roof  of  the  /one  to  be  defined  by  the  symbols  A.  H. 
and  114  (Form  1 0)  as  recommended  for  the  HI  \S  I Geometric  /.one  Form. 

\ single  MULTIZONE  fan  system  is  used  to  serve  all  four  /ones  (I  orm  III  Supply  and 
exhaust  air  volumes  were  taken  from  available  mechanical  data  Forms  12.  I V and  14  establish  Ian 
pressures  and  efficiencies,  speeds  the  system  control  characteristics,  and  to  define  the  l).\  coils  and 
condensing  unit.  System  schedules  are  defined  on  Form  15. 

fhe  central  plant,  described  on  Form  I (t.  is  simply  a boiler  which  supplies  domestic  hot  water 
and  the  heating  coils.  The  cooling  coils  are  served  by  the  l)\  condensing  unit  which  is  treated  by 
HI  ASF  as  part  of  the  fan  system  Form  l'>  is  used  to  set  the  PELHT  parameter,  which  establishes 
the  electrical  power  used  for  hot  water  pumps. 

T 1 1 is  example  should  be  input  and  run  by  the  user  Its  simplicity  ininimi/es  the  effort  and  the 
chances  of  error  Computer  costs  will  be  modest  since  the  RUN  CONTROL  block  calls  for  only  two 
design  davs  to  be  run 
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ft L»wr  SScimT  Butilmg  HAST  INPUT  FORM  14 

Definition  of  OX  tondonsmy  unit  tnd  air  hoot 
recovery  pvemettrt. 


HAST  INPUT  FORM  It 

F*i  lylltm  oaoipmont  tcIwdulM  (not  la  control  oAoo 


APPENDIX:  BLANK  PROFILE  FORM  AND  DEFAULT  TABLES 


Table  A1 

Other  System  Parameters 


OTHER  SYSTEM  PARAMETERS 
SUPPLY  FAN  PRESSURE  = 2 5, 

EXHAUST  FAN  PRESSURE  = 1; 

RETURN  FAN  PRESSURE  = 0.0; 

SUPPLY  FAN  EFFICIENCY  = 0.7; 

EXHAUST  FAN  EFFICIENCY  = 0 7; 

RETURN  FAN  EFFICIENCY  = 0.7; 

COLD  DECK  CONTROL  = FIXED  SET  POINT;  (default) 

(or)  = OUTSIDE  AIR  CONTROLLED. 

(or)  = ZONE  CONTROLLED; 

COLD  DECK  TEMPERATURE  = 55; 

COLD  DECK  THROTTLING  RANGE  = 7.2, 

COLD  DECK  CONTROL  SCHEDULE  = (55  AT  90,  65  AT  70); 

(or)  = (32  AT  32,  212  AT  212);  (it  COLD  DI  CK  CONTROL  = 

ZONE  CONTROLLED;) 

HEATING  COIL  CAPACITY  = 3412000, 

(in  kHtu  hr  (or  k\V| ) 

HEATING  COIL  ENERGY  SUPPLY  = HOT  WATER;  (default) 

(or)  = GAS; 

(or)  = ELECTRIC; 

(or)  = STEAM; 

HOT  DECK  CONTROL  = FIXED  SET  POINT,  (default) 

(or)  = OUTSIDE  AIR  CONTROLLED; 

(or)  = ZONE  CONTROLLED; 

HOT  DECK  TEMPERATURE  = 140, 

HOT  DECK  CONTROL  SCHEDULE  = (140  AT  0,  70  AT  70); 

(or)  = (32  AT  32,  212  AT  212);  (if  HOT  DECK  CONTROL  = ZONE 

CONTROLLED;) 

HOT  DECK  THROTTLING  RANGE  = 7.2, 

MIXED  AIR  CONTROL  = FIXED  PERCENT;  (default) 

(or)  = FIXED  AMOUNT; 

(or)  = TEMPERATURE  ECONOMY  CYCLE, 

(or)  = RETURN  AIR  ECONOMY  CYCLE; 

(or)  = ENTHALPY  ECONOMY  CYCLE; 

DESIRED  MIXED  AIR  TEMPERATURE  = COLD  DECK  TEMPERATURE;  (default) 

(or)  = 50;  (a  fixed  temperature) 

OUTSIDE  AIR  VOLUME  = 0.0, 

WEEKDAY  MINIMUM  OUTSIDE  AIR  SCHEDULE  = (00  TO  24  - .15); 

(or)  * (00  TO  24  - 1 );  (if  M1XLD  AIR  CONTROL 
FIXED  AMOUNT.) 

WEEKEND  MINIMUM  OUTSIDE  AIR  SCHEDULE  * (00  TO  24  - .05), 

lor)  = (00  TO  24-1);  (if  MIXED  AIR  CONTROL 
FIXED  AMOUNT;) 

WEEKDAY  MAXIMUM  OUTSIDE  AIR  SCHEDULE  * (00  TO  24  - 1); 


Table  A1  (cont'd) 

Other  System  Parameters 

WEEKEND  MAXIMUM  OUTSIDE  AIR  SCHEDULE  = (00  TO  24-1), 

PREHEAT  COIL  LOCTION  = NONE,  (default) 

(or)  = OUTSIDE  AIR  DUCT; 

(or)  = MIXED  AIR  DUCT; 

PREHEAT  TEMPERATURE  = 46.4; 

PREHEAT  COIL  CAPACITY  = 0.0; 

GAS  BURNER  EFFICIENCY  = 0.8; 

PREHEAT  ENERGY  SUPPLY  = HOT  WATER;  (default) 

(or)  = GAS; 

(or)  = ELECTRIC; 

(or)  = STEAM 


VAV  MINIMUM  AIR  FRACTION  = 0.1; 

VAV  VOLUME  CONTROL  TYPE  = INLET  VANES,  (default)  (Specify  either  VAV  CONTROl  TYPE 

(or)  = VARIABLE  FAN  SPEED;  or  FAN  POWER  COEFFICIENTS) 

(or)  = DISCHARGE  DAMPERS; 

HUMIDIFIER  TYPE  = NONE;  (default) 

(or)  = STEAM; 

(or)  = HOT  WATER, 

(or)  = ELECTRIC. 

HUMIDISTAT  LOCATION  = ( user  specified  7one  number  );  (lluniidin  is  added  only  when  cooling 

coil  load  is  rero.  i.e..  during  heating) 

HUMIDISTAT  SET  POINT  = 50,  (percent) 

FAN  POWER  COEFFICIENTS  = ( 0,  0,  0,  0,  0 );  (If  FAN  POWER  COEFFICIENTS  are  specified. do  not 
END  OTHER  SYSTEM  PARAMETERS;  specif)  VAV  VOLUME  CONTROL  TYPE) 
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Parameter 

Name 

Special  Parameter  Description 

Default  Value 
(English) 

AZMUTH 

Collector  Array  Azimuth  Angle 

180.0000 

FLOWRT 

Mass  Flow/Collector  Area 

9.2167 

HFUELB 

Heat  Content  of  Fuel 

20013.3845 

HTXEFF 

Tank-Collector  Ht  Excgr  Effectiveness 

.9000 

MXTNKT 

Maximum  Solar  Tank  Temp 

212.0000 

PELCL 

Elect  Inp.  toCirc.  Pump/Cooling  Load 

.0180 

PELHT 

Elect  Inp.  to  Circ.  Pump/Heating  Load 

.0060 

PELTWR 

Elec  Inp.  to  Tower/Tower  Cool  Load 

.0130 

PSTEAM 

Steam  Pressure 

284.4099 

PSTMTUR 

Entering  Steam  Press 

6920.1708 

RAVRHDB 

Availbl  Recvrbl  Ht  Ratio 

.9500 

RAVRHHP 

Availbl  Recvrbl  Ht  Ratio 

.9500 

R FLASH 

Boiler  Flash  Water/Steam  Feed 

.0710 

RHFLASH 

Recovd  Heat/Flash  Steam  Energy 

.5000 

RMXKWD 

Max  Exh  Flow/KW  Output 

1.4644 

RMXKWG 

Max  Exh  Flow/KW  Output 

11.7152 

RPMNOM 

Nom  Speed,  RPM 

3600  0000 

RWCA 

Tower  Water/Absor  Chilr  Capac 

124  8226 

RWCC 

Tower  Water'Compr  Chilr  Capac 

124.8226 

RWCDB 

Tower  Water/Dbund  Chilr  Capac 

124.8226 

RWCHP 

Tower  Water/Heat  Pump  Capac 

124  2230 

RWSTUR 

Condensate/Entering  Steam 

.9700 

SRATB 

Air,  Fuel  Stoich  Ratio 

1 7.0000 

STEAM 

Steam  Enthalpy 

1168  6785 

TNKTEM 

Initial  Tank  Temperature 

140  0000 

TCOOL 

Chilled  Water  Temp 

44.0060 

TCW 

Leaving  Condenser  Water  Temp 

110  0000 

TILT 

Solar  Collector  Tilt  Angle 

40.0000 

TLEAVE 

Boiler  Stack  Leaving  Temp 

550.0400 

TMINC 

Min  Tank  Temp  for  Cooling 

179  9960 

TMINH 

Min  Tank  Temp  for  Heating 

100.0040 

TMINHP 

Min  Tank  Temp  for  Ht  Pump 

79.8800 

TNKCAP 

Storage  Tank  Cap/Col.  Area 

10.2408 

TOTUEF 

Tot  Effic  of  Util  Elec  Generation 

.3000 

TOWOPR 

Tower  Operation  Type 

2 0000 

TSATUR 

Steam  Saturation  Temp 

241.5302 

TSTMTUR 

Entering  Steam  Temp 

572  0000 

TTOWR 

Minimum  Leaving  Tower  Water  Temp 

60.0080 

TWMAKE 

Make  Up  Water  Temp 

55.0040 

Schell,  £ 

The  Building  Loads  Analysis  System  1 he  rmodynami cs  (BLAST)  program,  version  2.0 
input  booklet.  — Champaign,  IL  : Construction  Engineering  Research  Laboratory  ; 
Springfield,  VA  ; available  from  National  Technical  Information  Service,  1979. 
UOp  ; 27  cm.  {Technical  report  ; £-154) 

1.  BLAST  {computer  program).  2.  Bui  ldinqs-energy  consumption.  I.  Series: 
U.S.  Army  Construction  Engineering  Research  Laboratory.  Technical  report  ; £-154. 


